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§) Method and apparatus for preparing a high strength sheet material. 

A method of preparing a high strength sheet material 
comprising (a) forming a laminate comprising at least two lay- 
ers of a thermoplastic polymer material, each layer having a fi- 
brillar grain structure providing a predominant direction of 
splittability in each said layer, and wherein the layers are 
bonded to one another with the said predominant directions of 
splittability transverse to each other, (b) biaxially orienting the 
molecules of said layers by stretching the layers in substantial- 
- ly uniaxial steps, the transverse strechlng being effected by 
<> applying pressure to the surface of the laminate along lines ex- 
^ tending substantially in the longitudinal direction of the lami- 
nate to impart thereto a waved configuration, and (c) subject- 
J ing the biaxially oriented laminate to a heat treatment while al- 
k lowing at least 7% shrinkage of the laminate to take place in at 
J least its transverse direction. 
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Method and apparatus for prepar oq a high strength sheet material 

This invention relates to a method of preparing a high 
strength sheet material comprising forming a laminate comprising at 
least two layers of a thermoplastic polymer material, each layer having 

5 a fibrillar grain structure providing a predominant direction of split* 
tability in said layer, the layers being bonded to one another with 
the said predominant directions of splittability transverse to each 
other, and biaxially orienting the molecules of said layers by stretch- 
ing the layers in substantially uniaxial steps, the transverse stretch- 

10 ing being effected by applying pressure to the surface of the laminate 
along lines extending substantially in the longitudinal direction of the 
laminate to impart thereto a waved configuration. 

British patent specification No. 1.526.722 describes the ma- 
nufacture of a laminate by a method comprising extruding at least two 

15 layers, each consisting of a blend of polymers which are incompatible 
to such a degree that the blend on solidification forms a dispersion of 
particles of one polymer in a polymeric matrix melt, attenuating eech 
layer to obtain a fibrillar grain structure having a predominant direc- 
tion of splittability after solidification into a film, bonding the two 

20 layers to one another with the said predominant directions transve.-se 
to one another and biaxially stretching the solidified laminate in sub- 
stantially uniaxial steps, the stretching being conducted at a tempe- 
rature sufficiently low to maintain the predominant direction of split- 
tability in each layer. 

25 The specification of British patent No. 1.526.724 describes 

the manufacture of a laminate comprising at least two films of a poly- 
meric material by a method which comprises pressing the film together 
along lines extending substantially in the longitudinal direction of the 
films and simultaneously stretching the films in the transverse dlrec- 

30 tion, thereby forming « laminate having a waved configuration in its 
transverse direction. 

The latter method may advantageously by utilized to bond 
the two layers together and to effect the transverse stretcning of the 
laminate in the method describe in the British patent specification 

35 No. 1.526.722. However, the laminates thus produced ordinarily ex- 
hibit longitudinal strtations whic!> impart to the laminate thickness va- 
riations in the transverse direct- n and consequently an unsatisfactory 
rigidity, low temperature tear sl-^ngth and sealability. 

The object of the invention is to provide a laminate having 
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an improved rigidity, an improved low temperature tear strength and 
improved sealability. 

Another object of the invention is to provide a laminate 
which is suitable for use in the manufacture of heavy duty sacks, 

5 e.g. sacks for Portland cement. 

A further object of the invention is to provide a laminate 
having an increased yield point and improved anti-creep properties. 

These objects and other objects which will become clear 
from the following description are obtained by the invention. 

10 According to a first aspect of the invention there is provid- 

ed a method of the above mentioned type which method comprises the 
additional step of subjecting the biaxially oriented laminate to a heat 
treatment while allowing at least 7% shrinkage of the laminate to take 
place in at least its transverse direction. 

15 This aspect of the invention Is based on the discovery that 

the relatively thin zones of the transversely stretched laminates are 
overstretched and that the material in these zones exhibit a pronounc- 
ed tendency to contract when heated to an elevated temperature. 
Consequently, variations in the thickness of the laminate tend to be 

20 reduced or almost eliminated during such a heat treatment. 

It is preferred to effect a shrinkage of at "least 12% in the 
transverse direction. 

The heat treatment may be effected in an oven but in prac- 
tice it is preferably effected by contacting the laminate with the sur- 

25 face of a heated body because the transverse contraction of the lami- 
nate will then occur under more controlled conditions. The heated 
body is preferably a heated roller. 

In order to reduce the friction between the laminate under 
contraction and the heated roller and thus permit that the transverse 

30 contraction becomes almost fully even over the width of the laminate, 
the heat treatment is advantageously effected by contacting a longitu- 
dinally pleated laminate with said heated roller. It should be mentioned 
that a transverse contraction or the laminate may take place after it 
has left the heated roller but the spontaneous tendency to contract is 

35 most pronounced at the start of the heat treatment, i.e. while the 
laminate is in contact with the heated roller. 

If the transversely stretched waved laminate is allowed to 
expand due to its inherent elastic recovery properties before it is 
subjected to the heat treatment-. Irregular pleats may be formed and 
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consequently the thermally induced transverse contraction also becomes 
irregular. Therefore, it is preferred to introduce the laminate onto 
the heated roller while it still has the waved configuration obtained 
during the last transverse stretching step. The laminate preferably is 

5 allowed to contract longitudinally during said last transverse stretch- 
ing step. This effect is achieved by keeping a low tension while 
feeding the laminate into the last transverse stretching device (usually 
a pair of grooved rollers). 

This longitudinal contraction improves puncture and tear 

10 strength and further improves the form stability of the final product. 

When the means for transversely stretching the laminate 
comprise at least one pair of intermeshing grooved rollers, one or 
more conveyor rollers are preferably arranged between the last pair 
of intermeshing grooved rollers and the said heated roller, the adja- 

15 cent rollers in said assembly being in so close proximity to one ano- 
ther that the film is supported by a roller surface during substan- 
tially all of its travel from the last pair of grooved rollers to the 
heated roller. 

The transverse contraction should preferably be combined 

20 wth a longitudinal contraction and said longitudinal contraction should 
be as complete as possible at the annealing temperature used. There- 
fore, the longitudinal tension in the laminate should preferably be ad- 
justed to a minimum at its introduction onto the hot roller and at the 
take-off from the hot roller or rollers. 

25 However, when a pleated laminate contacts the hot roller 

under low tension, air bubbles may be entrapped between said lami- 
nate and the roller surface and such air bubbles may lead to an 
uneven shrinkage. 

In a preferred embodiment of the method of the invention 

30 such entrapped air bubbles are removed by squeezing while allowing 
the laminate to slide along the surface of the hot roller. This can be 
achieved in a simple manner by lightly pressing, e.g. by means of a 
counter roller, the laminate against the surface of the hot roller. 
More efficiently, however, the entrapped air bubbles are removed by 

35 subjecting the laminate to vibrations comprising short intervals during 
which the laminate is forced aoainst the surface of the hot roller, 
e.g. by means of a counter roller which is oscillating relative to the 
hot roller. 

The counter roller is preferably one. of the above mentioned 
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transfer rollers. 

A second aspect of the invention relates to a particularly 
advantageous combination of material composition, stretching conditions 
and a heat treatment. 

5 The method according to this aspect comprises forming a 

laminate comprising at least two layers of a thermoplastic polymer 
material, each layer having a fibrillar grain structure providing a 
predominant direction of splittability in each of said layers, the layers 
being bonded to one another with the said predominant directions of 

10 splittability transverse to each other, and biaxially orienting the 
molecules of said layers by stretching the layers in substantially 
uniaxial steps, wherein the thermoplastic polymer material consists of 
a blend of 40-85% by weight of polypropylene and 60-15% by weight of 
a lower melting or amorphous admixture which a) mainly consists of 

15 polyethylene incl. copolymers thereof, b) exhibits substantially the 
same or a higher elongation at break than the said polypropylene 
when tested at room temperature under slow stretching, c) has a 
modulus of elasticity which at room temperature is equal to or lower 
than that of a blend of 90% polyethylene of a density of 0.95 and 10% 

20 EPR containing 25% ethylene and 75% propylene, wherein at least the 
last 25% of the biaxial stretching, measured on the area increase, is 
carried out below 50°C, and wherein the biaxially oriented laminate is 
subsequently heat treated at a temperature higher than 50°C, prefer- 
ably at least 70°C. 

25 By the extrusion of the base films for the laminate, the po- 

lypropylene will crystallize (as established by electron microscopy) in 
the form of fibrils having a diameter of from about 0.05 to 2 microns, 
while the softer polymeric admixture will form a coat on and embed- 
ment for these stiffer fibrils. It is well known that polypropylene 

30 begins to recrystallize at 50-60°C. whereby the stiffness of the fibrils 
generally increases. In the combination defined above this stiffening 
is highly advantageous. 

The feature that biaxial stretching (or at least the last part 
thereof) is carried out at a lowor temperature even though the stlf- 

35 fening of the fibrils is desirable, might appear to be an unnecessary 
complication, but in actual fact this sequence of steps has been found 
to be very advantageous. 

Similar to what is described in connection with the first 
aspect of the . invention, the he-it treatment should preferably be car- 
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ried out under such conditions that at least 7% shrinkage of the 
laminate takes place in at least its transverse direction, and it should 
generally be aimed at a higher shrinkage, such as 12% or more. 

The use of the special transverse stretching method de- 

5 scribed as the first aspect of the invention is also advantageous. 

Similar to what Is well known from high-strength cross- 
laminates made from uniaxially oriented films, the molecular weight is 
important as far as the strength is concerned, and generally the melt 
flow index of the polypropylene should not exceed 1 according to 

10 ASTM D 1238 condition L. However, if the molecular weight distribu- 
tion is particularly even, melt indices up to about 3-4 can be used 
with good result. 

The stretch ratio should preferably not exceed 2.5:1 in any 
direction, and the optimum ratio is usually between 1,3-1.9, depend- 

15 ing on the final use of the laminate. These values refer to the state 
when shrinkage has taken place (if shrinkage has been effected). 

In a preferred embodiment of this second aspect of the 
invention the admixture comprises as its major component linear poly- 
ethylene. While for instance a highly branched polyethylene is less 

20 suitable, La. due to the fact that its elongation at break at room 
temperature is subtantially lower than that of polypropylene, it has 
been found that the use of linear polyethylene in such admixture 
cooperates synergistically with the embedded fibrils of polypropylene 
(in the stretched and heat treated condition, as defined) to provide 

25 particularly advantageous mechanical properties. Furthermore, it has 
been found that the low stiffening temperature of polyethylene im- 
proves the low temperature performance of the laminate to a surpris- 
ing extent, such that the very pronounced stiffening of polypropylene 
at temperatures below about 0°C in this case generally becomes an 

30 advantage rather than a disadvantage for the mechanical properties of 
the laminate. In this connection it is important that the admixture 
which remains soft at the low temperatures is not occluded but on the 
contrary forms embedment for the stiff polypropylene fibrils. 

The linear polyethylene in this embodiment ,of the invention 

35 preferably is high density polyethylene of a melt index according to 
ASTM D 1238 condition L not exceeding 0.2 and the admixture further 
comprises a softening component, preferably an elastomer. 

Alternatively, the linear polyethylene can be low density 
linear polyethylene. Generally, its melt flow index (ASTM D 1238, 
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condition E) should not exceed 5, and much lower melt flow indices 
are preferable. 

High molecular weight linear low density polyethylene, i.e. 
of a melt index not exceeding 0.2 (ASTM D 1238 condition L) is parti- 

5 cularly advantageous. 

The designation "lineary low density polyethylene" or 
"LLDPE" refers to polyethylene ^hich is branched in controlled man- 
ner to achieve a high elongation at break. This controlled branching, 
as known, can be established, either by a high-pressure polymeriza- 

10 tion by using a suitable catalyst, or by copolymerization with a suit- 
able branch-forming monomer, such as butene, pentene, hexene or 
octene, of which the latter is preferable in connection with the pres- 
ent invention. 

Advantageously, the polyethylene is selected so that its 
15 shrinkability at 100°C, in the oriented state, is higher than the 
corresponding shrinkability of the polypropylene. 

Under these circumstances, a special morphology will result. 
This morphology is characterized by twists or waves on the poly- 
propylene fibrils with a twist or wave length of the order of 1 micron 
20 which can be observed in a scanning electron microscope. 

The mechanical state of this structure has some similarity 
with cement which is reinforced tvith prestretched iron. 

A third aspect of the invention relates to the manufacture 
of a laminate having properties which make the material particularly 
25 useful for the manufacture of heavy duty sacks. 

The method according to this aspect comprises forming a 
laminate comprising at least two layers of a thermoplastic polymer ma- 
terial, each layer having a fibrillar grain providing a predominant 
direction of splittability in each said layer, the layers being bonded 
30 to one another with the said predominant directions of splittability 
transverse to each other, and .biaxially orienting the molecules of said 
layers by stretching the layers in substantially uniaxial steps, and 
the method is characterized in that the direction of splittability of 
each layer of said layers of the '*minate to be biaxially oriented forms 
35 an angle of between 10 and 35°C with the machine direction of the 
laminate. 

A sack usually has a -.vidth which is much smaller than its 
length and has been made in such a manner that the machine direction 
of the thermoplastic film becomes the length direction of the sack. 
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During filling of the sack and regular handling of the filled sack, the 
most important performance factor is the yield point in its longitudinal 
direction. In case the filled sack is dropped, the most important per- 
formance factors are tear propagation strength, puncture strength 
5 and impact strength, the latter under forces which mainly act in the 
transverse direction of the sack. 

It might be assumed that a laminate in which the direction 
of splittability of each layer is lying relatively close to the machine 
' direction would be weak because a rupture (formed by puncturing or 
10 snagging) might easily propagate under the influence of these trans- 
versely acting forces. 

The fact, however, is that the opposite is true, namely that 
the laminate thus produced generally exhibits an advantageous tear 
propagation resistance in all directions, particularly in the directions 
15 which form an angle of 45° to the machine direction. The tear propa- 
gation resistance in the said directions has been found determining 
for the strength of a stitched seam in cross laminated film material, 
such as a sewn sack. 

An additional advantage obtained relates to the formation of 
20 heat seals in the manufacture and/or closing of the sack. 

While the laminate can readily be formed into a tube with a 
glued or heat-sealed longitudinal seam having overlapping edges and a 
relatively low peel strength is sufficiently in such type of seam, it is 
complicated and expensive to fold the material to form overlapping 
25 edges at the bottom and/or at the top of the sack. Consequently, 
there is an important practical need for a high-strength film which 
readily can be heat-sealed to itself to form seams across its machine 
direction with a resulting high peel strength. 

One measure in this connection is the choise of a suitable 
30 surface layer on the laminate. 

Another measure is the allowance of a substantial contrac- 
tion of the laminate perpendicular to the seam that is parallel to the 
length of the sack, so that tbr increased thickness can compensate 
for the loss of molecular orientation caused by the heat-sealing. At 
35 the same time it is essential to limit the contraction of the laminate 
parallel to the direction of the seam which is perpendicular to the 
length of the sack. 

It has now been found that the melt orientation of the mole- 
cules produced in connection ^»th the extrusion (as distinguished 
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from the subsequent biaxial orientation at a much lower temperature) 
plays a very important role for the contraction during heat sealing, 
and that consequently the use of relatively small angles between the 
machine direction and the directions of splittability (substantially 
5 coinciding with the direction of melt orientation) leads to substantially 
improved heat seals at the top and/or the bottom of the sack, in 
particular with respect to the impact actions when a filled sack Is 
dropped. 

In this third aspect of the invention a heat treatment sub- 

10 sequent to the biaxial stretching is also highly preferable and similar 
to what is described in connection with the first aspect of the inven- 
tion, the heat treatment should preferably be carried out under such 
conditions that at least 7% shrinkage of the laminate takes place in at 
least its transverse direction and it should generally be aimed at a 

15 higher shrinkage, such as 12% or more. 

The use of the special transverse stretching method in con- 
nection with the first aspect of the invention is also advantageous. 
The stretch ratio should preferably not exceed 2.5:1 in any direction 
and the optimum ratio is usually between 1.3-1.9, depending on the 

20 final use of the laminate. These values refer to the state when shrink- 
age has taken place (if shrinkage has been effected). 

In the practice of this third aspect of the invention, the 
choice of polymers and heat treatment which are disclosed above in 
connection with the second aspect of the invention are also advanta- 

25 geously used. 

Furthermore, this third aspect may advantageously be used 
in connection with the production of laminates produced in accordance 
with claims 22 and 23 of the above mentioned British patent specifica- 
tion No, 1.526.722. According to these claims one unoriented two-ply 

30 laminate in which the layers exhibit criss-crossing directions of split- 
tability is produced directly by coextrusion, using rotating die-parts. 
It has now been found that the properties of the final biaxially ori- 
ented laminate produced on the basis of this coextrusion method is 
substantially improved when the angles between the directions of 

35 splittability of each layer and the machine direction fall within the 
range 10°-35°. 

A fourth aspect of th<? invention relates to an advantageous 
material composition which in par ticular exhibits a high low tempera- 
ture performance and which is »eadily stabilized against ultra-violet 
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light. 

The method according to this fourth aspect of the invention 
comprises forming a laminate comprising at least two layers of a 
thermoplastic polymer blend comprising polyethylene, each layer 

5 having a fibrillar grain structure providing, a predominant direction of 
splittability in each said layer, the layers being bonded to one ano- 
ther with the said predominant directions of splittability transverse to 
each other, and biaxially orienting the molecules of said layers by 
stretching the layers in substantially uniaxial, steps to convert the 

10 grain of polymer into a zig-zagging micropattern, said blend being 
composed of high molecular weight high density polyethylene and low 
density polyethylene having significantly lower molecular weight, said 
low density polyethylene being selected from the group of copolymers 
and/or branched polyethylenes which a) exhibit substantially the same 

15 or higher elongation at break than the said high molecular weight 
high density polyethylene when tested at room temperature under slow 
stretching, b) are capable of distinctly segregating, while forming a 
distinct microphase, from said high molecular weight high density 
polyethylene on cooling of a molten homogeneous blend of the said 

20 components. 

The term "High molecular weight high density polyethylene" 
("HMHDPE 11 ) comprises HOPE having a melt flow index of about or 
lower than 0.2 according to ASTIvl D 1238, condition E. 

As regards the low density polyethylene, it may advan- 

25 tageously be LLDPE (see explanation of this term above). 

By the combination of polymers which chemically are so 
closely related and blend homogeneously in the melt but still, i.a, due 
to the different molecular weights, clearly segregate from each other 
on cooling, one obtains a particularly fine and regular grain of poly- 

30 mer consisting of highly crystalline and relatively stiff microfibrils in 
a less crystalline and softer matrix. This structure has been observed 
in an electron microscope after selectively dissolving the matrix mate- 
rial. As mentioned above the grain thus produced was particularly 
regular and the distance between adjacent fibrils (from centre to 

35 centre) was in the order of magnitude 1/10.000 mm (1/10 pm). The 
regular and fine structure, and the good bonding between the stiffer 
fibrils and softer matrix is ol importance as far as the strength 
properties are concerned. The crystalline nature of the soft matrix 
gives the material low tendency »o cold-flow. 
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The blending ratio between the HMHDPE and the LDPE 
(preferably LLDPE) may conveniently be in the range of from 25:75 to 
75:25. 

HMHDPE exhibits a high tendency to molecular melt orienta- 
tion. Such melt orientation (except when weak) generally has been 
found a drawback in connection with the present invention. In this 
connection one must distinguish between the morphological "orienta- 
tion 11 (grain of polymer) which is essential in the present invention, 
and the molecular melt orientation, which i.a. reduces the elongation 
of break and thereby the energy absorption. 

Therefore, it is advisable to use low air cooling at the exit 
of the extruder so that the molecular melt orientation can be practical- 
ly minimized. 

Further improvements in this respect, and other essential 
improvements, can be obtained when the blend further contains poly- 
propylene of a molecular weight significantly lower than said high 
molecular weight high density polyethylene. 

During draw-down at the exit from the extrusion die the 
HMHDPE will be molecularly oriented and will thereby "carry" the 
film, so that the polypropylene is protected against any strong mole- 
cular orientation, and after crystallization of the polypropylene the 
latter will "carry" the film so thst the HMHDPE has the opportunity to 
loose part of its molecular orientation again. 

The ratio in the blend between the polypropylene and the 
HMHDPE + LDPE can conveniently be in the range of between 0 and 
70/30. 

The blend may further contain minor amounts of an alloying 
agent, e.g. a copolymer of propylene and a polyolefin with 4 or more 
carbon atoms. 

Similar to what is stated above in connection with the 
second and third aspect of the invention, the sheet is preferably 
allowed to shrink at least 7% in *t least one direction, and the stretch 
ratio in any direction and determined after shrinkage preferably does 
not exceed 2.5:1. 

High-strength laminates manufactured according to this 
fourth aspect of the invention can conveniently be made with the 
angles and other features describr2d under the third aspect. 

Finally, a fifth aspect nf the invention concerns the conser- 
vation of the correct amount ard kind of bonding between the cross- 
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laminated films, even after a strong heat-treatment. 

The method according to the fifth aspect comprises forming 
a laminate from at least two separately extruded films of thermoplastic 
polymer material, each film comprising a) a main layer exhibiting a 

5 fibrillar grain structure providing a predominant direction of splittabi- 
lity in each said film, and b) a second layer for controlling bonding 
strength, the films being bonded to one another with the said predo- 
minant directions of splittability transverse to each other, the second 
layer of one film facing the second layer of the other film, and biaxi- 

10 ally orienting the molecules of said layers by stretching the layers in 
substantially uniaxial steps, the transverse stretching and the bond- 
ing being effected by applying pressure to the surface of the laminate 
along lines extending substantially in the longitudinal direction of the 
laminate to impart thereto a waved configuration, and in which main 

15 layers the fibrillar grain structure consists of highly crystalline 
polypropylene -and/or high density polyethylene micro fibrils which 
are generally embedded in a matrix material predominantly consisting 
of low density polyethylene, and preferably a) said matrix material 
exhibits an elongation at break similar to or higher than .that of the 

20 fibrilforming polypropylene or high density polyethylene when tested 
at room temperature under slow stretch, and b) said second layers 
mainly consist of branched polyethylene and exhibit a heat-seal tem- 
perature higher than 100°C and an elongation at break similar to or 
higher than that of fibrilforming polypropylene or high density poly- 

25 ethylene. 

The branched polyethylene for the second layer preferably 
is LLDPE, to which there should usually be added about 35% or less 
of an elastomer, such as ethylene-propylene rubber. The matrix mate- 
rial may also conveniently be based on LLDPE. 

30 When the laminate so produced is heated up to about 100°C - 

either by a regular heat treatment as described e.g. under the first 
aspect of this invention, or because hot goods (e.g. hot cement) is 
packed in the laminate or in sacks made therefrom, the bonding 
strength will be maintained at the correct, not too high level, which 

35 is essential for the achievement of a high tear-propagation resistance. 

It is preferred to heat treat the laminate below the tempera- 
ture at which the second layer? heat-seal to each other. The matrix 
material used preferably has a melting range lower than that of said 
second layer and the laminate is allowed to shrink, at least in one di- 
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rection, during said heat treatment. 

The extruded films from which the laminate is produced may 
further comprise a surface layer which facilitates sealing of the lami- 
nate. The said layer can with advantage consist of plain or almost 

5 plain lineary low density polyethylene. 

The invention also relates to an apparatus for carrying out 
the method according to the first aspect of the invention. The appa- 
ratus of the invention comprises means for preparing a laminate and 
means for stretching said laminate in substantially uniaxial steps, the 

10 means for transversely stretching the laminate comprising means for 
applying pressure to the surface of the laminate along lines extending 
substantially in the longitudinal direction of the laminate to impart 
thereto a waved configuration, and the characteristic feature of said 
apparatus is that it further comprises means for heat treating the bi- 

15 axially oriented laminate while allowing a shrinkage of the laminate to 
take place in at least its transverse direction. 

The means for preparing the laminate are preferably those 
described in British patent specification No. 1.526.722 and the means 
for transversely stretching the laminate are preferably those disclosed 

20 in British patent specification No. 1.526.724. 

As mentioned above the heating means preferably consist of 
a heated roller and the apparatus of the invention preferably compris- 
es means for introducing the laminate onto said heated roller in a lon- 
gitudinally pleated configuration. 

25 The latter means may be a separate pleating device but in 

case a waved configuration has been imparted to the laminate by 
means of a pair of intermeshing grooved rollers of the type described 
in British patent specification No. 1.526.724, it is preferred to place 
the heated roller in close proximity of the surface of one of the 

30 rollers of said pair of intermeshing grooved rollers to allow the lamin- 
ate to be contacted with the surface of said heated roller immediately 
after having left the surface of said roller of the pair of intermeshing 
grooved rollers. 

In this manner the fln<? waved configuration of the laminate 

35 is maintained during its travel f»om the pair of intermeshing rollers to 
the heated roller and the contracted laminate resulting from the 
following heat treatment exhibits very useful strength properties. 

In an apparatus In which the means for transversely 
stretching the laminate comprise at least one pair of intermeshing 
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grooved rollers, one or more conveyor rollers are preferably arranged 
between the last pair of intermeshing grooved rollers and the said 
heated roller, the adjacent rollers in said assembly being in so close 
proximity to one another that the film is supported by a roller surface 

5 during substantially all of its travel from the last pair of grooved 
rollers to the heated roller. 

The invention will be further described with reference to 
Fig. 1 of the drawings which schematically illustrates an apparatus for * 
effecting the transverse stretching and heat treatment steps of the 

10 method of the invention. 

Fig. 1 illustrates a roll 1 of a laminate 2, and 3 is a set of 
grooved rollers. The set of grooved rollers 3 are mounted adjacent to 
an oscillating roller 4 mounted so close to a hot roller 5 that the lami- 
nate 2 is pressed against the surface of the hot roller 5 during short 

15 intervals. A cooling roller 6 is also mounted adjacent to the heated 
roller. The apparatus further comprises a set of take-off rollers 7 
and a roll 8 of transversely stretched and heat treated laminate 9. 

The operation of the apparatus illustrated is as follows: 
Laminate 2 is unwound from the roll 1 and is passed through 

20 the nip of the set of grooved rollers 3 in which the laminate is 
stretched in its transverse direction so as to impart thereto a waved 
configuration. Following the transverse stretching the laminate is 
contacted with the oscillating roller 4 and subsequently contacted with 
the hot roller 5. Due to the oscillating movement of the roller 4 

25 relative to the hot roller 5 the heated laminate is free to shrink 
longitudinally. After leaving the hot roller 5 the laminate is cooled on 
cooling roller 6 and is subsequently wound so as to form a roll 8 
after having passed through the nip of the set of take-off rollers 7. 

The invention will now be described in further detail with 

30 reference to the following examples. 

EXAMPLE 1 

A series of 3-layered tubular films are extruded. Each film 
has a main layer in the middle, a layer for improved heat sealing on 
one surface and a layer for improved lamination on the other surface. 
35 The three layers form 75%, 15% and 10%, respectively, of the total 
film. 

The main layer consisLs of a blend (intimately pre-blended 
in a planetary screw extruder) of 

1) a socalled "block-ropolymer 1 ' of propylene and ethylene 
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sold under the trade name "Hostalen 1022", 

2) an ethylene-propylene rubber sold under the trade 
name "Nordel 1500 M , 

3) a high molecular weight high density polyethylene sold 
5 under the trade name "Hostalen 9255 F". 

Component 1 has melt flow index of 0.4 according to ASTM 
D 1238 condition L and analysis shows that it contains about 80% 
homo-polypropylene, about 10% polyethylene and about 10% ethylene- 
propylene rubber. A true block-copolymer is hardly detectable by the 
10 analysis, but it is very likely that there are undetectable segments of 
polyethylene on the polypropylene which segments assist in forming a 
good polymer-in-polymer dispersion. 

Component 2 contains about 20% ethylene and exhibits some 
ethylene crystallinity and a melt index of about 0.3 measured at 190°C 
15 but otherwise under the same conditions as in the above mentioned 
ASTM specification (i.e. at ''condition E" instead of "condition L"). 

Component 3 has a density about 0,95 and melt index of 
about 0.05 measured under the same conditions as component 2. 

The blending ratios appear from the following table 1; 

20 



25 



30 
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TABLE 1- (continued) 
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The layer for improved heat sealing consists of 70% "Hosta- 
len 1022" and 30% "Nordel 1500". 

The layer for improved lamination consists of 50% "Hostalen 
1022" and 50% "Nordel 1500". 
5 The extrusion temperature is.250°C and the blow ratio 1:1. 

Each of the tubular films is cut helically under an angle of 
30° and two such films, each having a width of about 20 cm, are 
laminated and stretched with the layers for improved lamination facing 
one another. Initially, the lamination and simultaneous transverse 
10 stretching are effected by passing the films six or seven times through 
the nip between a set of grooved rollers of the type shown in British 
patent specification No. 1.526.722, Fig. 1. The division on each roller' 
is 1.8 mm, the width of each tip is 0.4 mm and the tip is circularly 
rounded. The intermeshing between the tips is 0.9 mm. The stretch- 
15 Ing is carried out at 35°C. 

Subsequently, each sample is stretched longitudinally at the 
same temperature by means of rollers. 

Stretch ratios are determined by printed marks. 

During the longitudinal stretching, the width is reduced 
20 significantly. 

Those samples (as will be described below) which are sub- 
jected to heat treatment are over-stretched in the longitudinal direc- 
tion and finally further stretched in the transverse direction. The aim 
is that the heat treated samples should end at the same stretch ratios 
25 and square meter weight as those which are not heat treated. The 
pleated configuration created by this last transverse stretching is 
maintained in the film. 

Heat treatment is then carried out at various temperatures 
on 60 cm long and 10 cm wide specimens which are carried forward 
30 and backward over a reciprocating heated roller during a period of 
120 sec. and under a tension of 300 g. Different temperatures are 
tried. The specimens are brought in contact with the roller while they 
still have the pleated configuration but the pleats gradually disappear 
while the material shrinks. 
35 Samples k and I deviale from the above by being cut under 

an angle of 45° instead of 30°. 

Samples i and j deviate in being 4-layered. The angles are 
as follows: +45°, +30°, -30°, -45°. 

Samples p and q device by also being 4-Iayered materials, 
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with the same directions and further by the composition of the main 
layer, which is: 

80% "Hostalen 1022" 

20% linear low density polyethylene of melt index 1.0 and a 
density of 0.92. 

The melt index is measured according to ASTM D 1238 con- 
dition L except that the temperature is 190°C, 

Sample r is a 2-ply sample similar to sample f regarding 
composition, angles and heat-treatment temperature, but deviates by 
not being subjected to the last transverse stretching and therefore 
not being in a pleated configuration when It is brought in contact 
with the hot roller. It is heat treated without any essential transverse 
contraction; but with longitudinal contraction similar to sample f. 

15 mm samples are cut in the machine and cross machine 
directions of each sample. 

Stress-strain diagrams are taken at a velocity of 15 cm per 
minute and an initial distance of 50 mm between the clamps. 

The results obtained will appear from the table and from 
the diagrams in Figures 2 and 3- The diagrams in Fig. 2 compare 
samples e, f, m and o which all have the same composition and which 
are treated in the same manner, except that the annealing temperature 
varies. 

The diagrams in Fig. 3 compare samples b, d, f and h 

which contain different percentages of polyethylene, but otherwise are 

identical, the annealing temperature of this series being 80°C. In the 

diagrams of Figures 1 and 2 the values of force and energy are 

2 

corrected to a gauge of 80 g/m . 

As regards the comparison between the sample r which, in 
essence, was not allowed to shrink transversely, and the similar 
sample f, which was allowed a significant shrinkage, the table shows 
that the shrunk film has essentially higher transverse elongation at 
break and transverse energy absorption, while the two samples have 
about the same yield point in the transverse direction. 

EX AMPLE 2 

The procedure described in example 1 is carried out on a 
number of film compositions, der.rribed in table 2 below, however with 
the last transverse stretching sf«p and the subsequent heat-treatment 
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taking place in continuous manner on a pilot machine. During this 
stretching step, the intermeshing of the grooved rollers with each 
other is adjusted to obtain such a degree of pleating that there will 
be practically no transverse tension in the film during the heat treat- 
ment, but also so that all pleats produced by this stretching disappear 
due to the transverse shrinkage. 

The extrusion temperature is in all cases 200°C with a blow 
ratio of 1:1 and a moderate air cooling. 

The high-strength laminate are in all cases made from two 
spirally cut extruded tubular films. Different angles of cutting have 
been tried, see table 2. 

All steps of stretching are carried out at 35°C, and the 
heat treatment is effected on a roller heated to 80°C. The heat treat- 
ment takes about 10 seconds. The laminate is held practically tension- 
free while being fed in between the last pair of grooved rollers (those 
which immediately preceed the roller for heat treatment). This measure 
causes the laminate to shrink about 5-10% in the longitudinal direction 
during the transverse stretching between the grooved rollers. After 
this stretching, the laminate lollows the surface of one of these 
rollers and is then directly transferred from this surface to the 
surface of the hot roller, the distance between these surfaces being 
only about 1 cm. This guided transfer secures that the fine pleats, 
produced by the stretching between the grooved rollers, remain fine 
and even so as to cause an even transverse contraction on the hot 
roller. 

The latter is driven at a circumferential velocity which is 
about 10% lower than the circumferential velocity of the last set of 
grooved rollers. This measure, and a minimum tension at the take-off 
from the hot roller, gives the laminate a high freedom to shrink lon- 
gitudinally. 

When leaving the hot roller, the laminate is transferred to a 
cooling roller, after which it is wound up. 

The longitudinal and transverse stretch ratios are measured 
after each step of the process bv measuring the deformation of circl- 
es, which have been printed on the film before the first stretching 
step. The aim is a final stretch ratio (i.e. after the heat treatment) 
of 1.40:1 in both directions. 

The adjustment of the transverse ratio Lakes place by the 
number of transverse stretching steps, which have been varied be- 



20 0090380 

tween 5 and 7 (to which comes the last one before the heat treat- 
ment). The adjustment of the longutidinal stretch ratio takes place by 
variation of the relative velocities of the rollers in the unit for longi- 
tudinal stretching. A proper adjustment of the stretch ratios is a 
complicated matter, and variations between 1.35:1 and 1.45:1 have 

been tolerated. 

The different laminates thus produced are tested for: 

a) Elmendorf Tear Propagation Resistance according to 
BS 308 B (43 mm tear), 

b) Beach Puncture Resistance according to BS 4816:72, 

c) Falling Dart Impact Strength according to ASTM 1709. 

Description of the raw materials: 

The melt flow index (m.f.i.) refers to ASTM D 1238 condi- 
tion L (in case of polypropylenes) or condition E (in the case of 

polyethylenes or EPDM). 

"Dowlex 2045": LLDPE of density 0,920 and m.f.i. = 

1.0 

"Hostalen 9255": HMHDPE of density about 0,95 and 
m.f.i. = about 0.05. 

"Hostalen 1050": homo-PP of m.f.i. = 0.4. 

"Hostalen 1022": co-PP of m.f.i. = 0.4 (further descrip- 
tion see example 1). 

"Novolen 1300 E": gas phase-polymerized PP with about 
20 9 c contents of atactic PP, partly form- 
ing a block-copolymer with the isotactic 
PP. 

"Nordel 1500": EPDM of m.f.i. = about 0.3. 

EVA . An EVA containing about 20% vinylace- 

tate and of m.f.i. = about 5. 
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Several of the samples were further tested for Elmendorf 
Tear Propagation Strength at -15°C. For the samples of composition R 
407, R 414 and R 419, this gave the same results (within the ranges 
of accuracy of this method) as the test results at 20°C shown in table 
2. This high performance at low temperatures is surprising in view of 
the high contents of polypropylene, but explicable by the mlcrostruc- 
ture, which comprises the microscopical to submicroscopical fibrils of 
stiff polypropylene which are almost entirely embedded in relatively 
soft polyethylene. 

A study of the tear resistance values in relation to the 
lamination angles (see table 2) gives the result that the 45° laminates 
show a significant weakness (relatively speaking) in their 45° direc- 
tions, i.e. parallel to the direction of grain in one of the layers . 

The same is not true for the 30° laminates, which generally 
show significantly higher all-over tear values, considering that the 
weakest direction generally determines the value of the laminate with 
respect to tear propagation resistance. 

An exception to the rule that the 45° laminates exhibit a 
relatively low tear propagation resistance along the 45° direction, is 
found in the composition R 407. The main layer (middle layer) of this 
composition consists of HMHDPE and LLDPE in combination with a PP 
of significantly lower molecular weight than the HMHDPE, cf. claim 
18. It is believed that the improved 45° tear strength in this case is 
due to the advantageous effects explained in the general description 
in connection with this claim. 

Finally, the compositions containing 100% LLDPE in the 
layers for sealing (i.e. R 402, 404, 407, 420, 421, 422) have been 
found to form an adequate seal by ultrasonic sealing. The seal resists 
shear forces up to about 5-6 kp/'2.5 mm and peel forces up to about 2 
kp/2.5 mm. In this connection ii is of importance that the seal layer 
and the matrix in the middle layer consist of essentially the same 
material, namely both of a low-density polyethylene type, while the 
fibrillar, discontinuous, embedded phase of the middle layer consists 
of the much higher melting polypropylene. 

EXA MPLE 3 

High-strength laminates were produced from two composi- 
tions, both entirely consisting of HMHDPE and LLDPE, except for 
minor amounts of EPDM in th?? layer for improved lamination. The 
procedure was identical to that vxplained in example 2, except that a 
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prototype machine for full technical scale operation was used. 

In both cases, the extrusion temperature was 240°C, the 
angle of cutting 45°, the temperature of stretching 35°C, the tempera- 
ture of the rollers for heat treatment 80°C, the time of heat treatment 

5 about 10 sec. Two heated rollers were used, one after the other, and 
subsequently two cooling rollers. The final stretch ratio, measured 
after heat treatment, was about 1.4:1 in both directions. 

The entire stretching/lamination process including the heat 
treatment was operated in-line, the line comprising five transverse 

10 stretching stations, one longitudinal stretching station, and the last 
stretching station supplying the laminate with pleats for the "free- 
shrinkage 11 heat treatment. Between the last pair of grooved rollers 
and the first roller for heat treatment, and in close proximity to 
both, was an idle roller serving to keep the pleats fine and even. 

15 The transverse stretching ratio was controlled by adjust- 

ment of the intermeshing between the grooved rollers in each of the 
first five pairs of grooved rollers. 

As in example 2, the intermeshing between the last pair of 
grooved rollers was adjusted to minimize the transverse tension during 

20 the heat treatment. 

The lineary velocity of the laminate at the exit from the 
stretching/lamination line was about 30-m/min. 

The composition of the films and the results of the labora- 
tory testing appear from table 3. 

25 The polymer designations and the test methods for impact, 

tear and puncture resistance are explained in example 2 above. The 
other mechanical properties were determined from strain/stress curves 
taken for 15 mm wide specimens, the initial distance between the 
draw-clambs being 50 mm. 

30 Strain/stress curves were taken as a modestly low velocity, 

namely 150 mm/min. and at a very low velocity, namely 15 mm/min. 

The latter was tried In order to study the creep strength. 

2 

The yield tension (in Newton/mm ) therefore was determined 

at each of the two velocities, while elongation at break (in %) and ul- 

2 

35 tfmate tensile tension (in Newton/mm ) were determined only at the 
velocity 150 mm/min. 

The laminate prepared from composition R 1 was further 
converted to open-mouth sacks on commercial sack-making machinery. 
It was first folded to a flat tub<> while being side-seamed by use of a 
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commercial hot-melt adhesive, then cut into lengths while being heat- 
sealed transversely to form the bottom of the sack. This seam was 
made by simple impulse sealing (without any kind of folding or over- 
taping) but with the conditions of sealing optimized to allow maximum 

5 shrinkage in the longitudinal direction. The dimension of the sack was 
about 100 cm x 50 cm. About 30 of such sacks were filled, closed by 
overtaping and drop-tested at minus 20°C in competition with sacks of 
similar size made from a 185 g/sq m low density polyethylene film of 
standard quality for sack production. By these tests the high-strength 

10 laminate was found to be clearly superior in spite of its much lower 
gauge. The weight of the high-strength laminate used for these bag 
tests was 80 g/sq m, in other words almost 2h times as light as the 
ordinary polyethylene sack material. 
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Claims 

1. A method of preparing a high strength sheet materia! 
comprising forming a laminate comprising at least two layers of a 
thermoplastic polymer material, each layer having a fibrillar grain 
structure providing a predominant direction of splittability in each 
said layer, the layers being bonded to one another with the said 
predominant directions of splittability transverse to each other, and 
bfaxially orienting the molecules of said layers by stretching the 
layers In substantially uniaxial steps, the transverse stretching being 
effected by applying pressure to the surface of the laminate along 
lines extending substantially in the longitudinal direction of the 
laminate to impart thereto a waved configuration, character- 
i ze d in subjecting the biaxially oriented laminate to a heat treat- 
ment while allowing at least 7% shrinkage of the laminate to take place 
in at least its transverse direction. 

2. A method as in claim 1, characterized in 
effecting the heat treatment by contacting a longitudinally pleated 
laminate with the surface of a hot body. 

3. A method as in claim 2, characterized in 
that said heated body is a hot roller. 

4. A method as in claim 2, characterized in 
introducing onto the heated body a laminate having the configuration 
obtained during the last transverse stretching step. 

5. A method according to claim 4, characterized 
in allowing the laminate to contract longitudinally during said last 
transverse stretching step. 

6. A method as in claim 3, characterized in 
that air bubbles entrapped between the laminate and the surface of 
the hot roller are removed by squeezing while allowing the laminate to 
slide along the surface of the hot roller. 

7. A method as in claim 6, characterized in 
subjecting the laminate to vibrations comprising short intervals during 
which the laminate is forced apainst the surface of the hot roller. 

8. A method of preparing a high strengh sheet material 
comprising forming a laminate comprising at least two layers of a 
thermoplastic polymer material, each layer having a fibrillar grain 
structure providing a predominant direction of spliMability in each of 
said layers, the layers being bonded to one another with the said 
predominant directions of splitl ability transverse to each other, and 
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biaxially orienting the molecules of said layers by stretching the 
layers in substantially uniaxial steps, wherein the thermoplastic 
polymer material consists of a blend of 40-85% by weight of polypro- 
pylene and 60-15% by weight of a lower melting or amorphous admix- 
ture which a) mainly consists of polyethylene incl. copolymers hereof, 
b) exhibits substantially the same or a higher elongation at break 
than the said polypropylene when tested at room temperature under 
slow stretching, c) has a modulus of elasticity which at room tempera- 
ture is equal to or lower than that of a blend of 90% polyethylene of a 
density of 0.95 and 10% EPR containing 25% ethylene and 75% propyl- 
ene, and wherein at least the last 25% of the biaxial stretching, 
measured on the area increase, is carried out below 50°C, char- 
acterized by the subsequent step of heat treating the biaxial- 
ly oriented laminate at a temperature higher than 50°C, preferably at 
least 70°C. 

9. A method according to claim 8, characterized 
by allowing the sheet to shrink at least 7% in at least one direction. 

10. A method as in claim 8, characterized in 
that the stretch ratio in any direction and determined after shrinkage 
does not exceed 2.5:1. 

11. A method as in claim 8, characterized in 
that the admixture comprises as its major component linear polyethyl- 
ene. 

12. A method as in claim 11, characterized in 
that the linear polyethylene is high density polyethylene of a melt 
flow index according to ASTM D 1238 condition E not exceeding 0.2 
and that the admixture further comprises between 10 and 50% of a 
softening component, preferably an elastomer. 

13. A method as in claim 8, characterized in 
that the linear polyethylene is linear low density polyethylene. 

14. A method as in claim 13, characterized in 
that the melt flow index of said linear low density polyethylene accor- 
ding to ASTM D 1238 condition F does not exceed 3. 

15. A method according to claim 8, characteri- 
ze d by selecting the polyethylene so that its shrin kability at 100°C, 
in the oriented state, is higher than the corresponding shrinkability 
of the polypropylene. 

16. A method according to claim 8, characteri- 
ze d by admixing, as an allovng agent between the polypropylene 
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and the polyethylene, minor amounts of a branched polypropylene, 
e.g. a copolymer of propylene and a polyolefin with 4 or more carbon 
atoms . 

17. A method of preparing a high strength sheet material 
5 comprising forming a laminate comprising . at least two layers of a 
thermoplastic polymer material, each layer having a fibrillar grain 
providing a predominant direction of splittability in each said layer, 
the layers being bonded to one another with the said predominant 
directions of splittability transverse to each other, and biaxially 
10 orienting the molecules of said layers by stretching the layers in 
substantially uniaxial steps, characterized in that the 
direction of splittability in each layer of said layers of the laminate to 
be biaxially oriented forms an angle of between 10 and 35 C with the 
machine direction of the laminate. 
15 18. A method as in claim 17, c h a r a c t e r i z e d in 

that the stretch ratio in any direction and determined after shrinkage 
does not exceed 2.5:1. 

19. A method of preparing a high strength sheet material 
comprising forming a laminate comprising at least two layers of a 

20 thermoplastic polymer blend comprising polyethylene, each layer 
having a fibrillar grain structure providing a predominant direction of 
splittability in each said layer, the layers being bonded to one anoth- 
er with the said predominant directions of splittability transverse to 
each other, and biaxially orienting the molecules of said layers by 

25 stretching the layers in sustantially uniaxial steps to convert the 
grain of polymer into a zig-zagging micropattern, characte - 
r i z e d by said blend is composed of high molecular weight high 
density polyethylene and low density polyethylene having a signifi- 
cantly lower molecular weight, said low density polyethylene being 

30 selected from the group of copolymers and/or branched polyethylenes 
which a) exhibit substantially the same or higher elongation at break 
than the said high molecular weight high density polyethylene when 
tested at room temperature under slow stretching, b) are capable of 
distinctly segregating, while forming a distinct microphase, from said 

35 high molecular weight high density polyethylene on cooling of a molten 
homogeneous blend of the said components. 

20. A method according to claim 20, characteri- 
zed in that said blend further contains polypropylene of a mole- 
cular weight significantly lower than that of said high molecular 
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weight high density polyethylene. 

21. A method according to claim 21, characteri- 
zed in that said blend further contains minor amounts of an alloy- 
ing agent, e.g. a copolymer of propylene and a polyolefin with 4 or 
more carbon atoms. 

22. A method according to claim 20 and/or 21, charac- 
terized by allowing the sheet to shrink at least 7% in at least 
one direction. 

23. A method according to claim 20 and/or 21, charac- 
ter i z e d in that the stretch ratio in any direction and determi- 
ned after shrinkage does not exceed 2.5:1. 

24. A method of preparing a high strength sheet material 
comprising forming a laminate from at least two separately extruded 
films of thermoplastic polymer material, each film having a) a main 
layer exhibiting a fibrillar grain structure providing a predominant 
direction of splittability in each said film, and b) a second layer for 
controlling bonding strength, the films being bonded to one another 
with the said predominant directions of splittability transverse to each 
other, the second layer of one film facing the second layer of the 
other film, and biaxially orienting the molecules of said layers by 
stretching the layers in substantially uniaxial steps, the transverse 
stretching and the bonding being effected by applying pressure to 
the surface of the laminate along lines extending substantially in the 
longitudinal direction of the laminate to impart thereto a waved confi- 
guration, and in which main layers the fibrillar grain structure con- 
sists of highly crystalline polypropylene and/or high density polyethy- 
lene micro fibrils which are generally embedded in a matrix material 
predominantly consisting of low density polyethylene, charac- 
terized in a) that said matrix material exhibits an elongation at 
break similar to or higher than that of the fibrilforming polypropylene 
or high density polyethylene when tested at room temperature under 
slow stretch, b) that said second layers mainly consist of branched p 
olyethylene and exhibit a heat-se*l temperature higher than 100°C and 
an elongation at break similar lo or higher than that of the fibril- 
forming polypropylene or high dr nsity polyethylene. 

25. A method according to claim 25, characteri- 
zed by heat treating the laminate below the temperature at which 
the second layers heat-seal to earh other. 

26. A method according to claim 26, characteriz- 
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e d in that said matrix material has a melting range lower than that 
of said second layer and the laminate is allowed to shrink, at least 
in one direction, during said heat treatment. 

27. An apparatus for carrying out the method according to 
5 claim 1, comprising means for preparing a laminate and means for 

stretching said laminate in substantially uniaxial steps, the means for 
transversely stretching the laminate comprising means for applying 
pressure to the surface of the laminate along lines extending substan- 
tially in the longitudinal direction of the laminate to impart thereto a 
10 waved configuration, characterized in that it further com- 
prises means for heat treating the biaxially oriented laminate while 
allowing a shrinkage of the laminate to take place in at least its 
transverse direction. 

28. An apparatus as in claim 28, characterized 
15 in that said heat treating means comprise at least one heated roller 

and that it further comprises means for introducing a longitudinally 
pleated laminate onto said heated roller. 

29. An apparatus as in claim 29, wherein the means for 
transversely stretching the laminate comprise at least one pair of 

20 intermeshing grooved roller, characterized in that said 
heated roller is placed in close proximity of the surface of one of the 
roller of said pair of intermeshing grooved rollers to allow the lamina- 
te to be contacted with the surface of said heated roller immediately 
after having left the surface of said roller of the pair of intermeshing 

25 grooved rollers. 

30. An apparatus as <n claim 29, wherein the means for 
transversely stretching the laminate comprise at least one pair of 
intermeshing grooved rollers, characterized in one or 
more conveyor rollers are arranged between the last pair of inter- 

30 meshing grooved rollers and the said heated roller, the adjacent 
rollers in said assembly being «n so close proximity to one another 
that the film is supported by a roller surface during substantially all 
of its travel from the last pair of grooved rollers to the heated roller. 

31. An apparatus as in claim 28, characterized 
35 in in that it additionally comprises a counter roller located adjacent to 

the hot roller and cooperating wUh said hot roller to remove air bubb- 
les entrapped between the laminate and the surface or the hot roller 
by squeezing while allowing the f aminate to slide along the surface of 
the hot roller. 
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32. An apparatus as in claim 32, characterized 
in that it also comprises means 'or vibrating said counter roller rela- 
tive to said hot roller. 
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